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MEMS VERTICAL TO HORIZONTAL
MOTION TRANSLATION DEVICIE

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by or for the Govemment of the United Stwes of
America for governmental purposes without pavment of any
rovalties thereon or therefor.

BACKGROUND OF THE INVENTION

L. Field of the Invention

The present invention is micromechanical device on the
order of 100 pm to 10 mm for wanslating force normal to a
plane into motion along said plane. Throughout the rentain-
der of this application, the term vertical means approxi-
mately nomal to a plane and the term horizontal means
approximately parallef or approximately along the plance of
a substrate of the device described herein. More particularly,
the device recelves a vertical force and ranslates the enerey
from that force for use in the horizontal piane. The device
can easily be employed as part of a micro-actuator system,

2. Desenption Of The Related Art

Manv products manufactured wday require the use of
micromechanical devices in order 1o meet size and weight
requirements. Many of these micromechanical devices are
used as actuators or frigger mechanisms that apply forces o
a mulutude of components in order for the products to
function. These devices are extremely small. on the order of
{00 pm to 10 mm, and are normally manufactured on a flat
substrate or “chip.” In order for these micromechanical
" devices to function as actuators, a force must be applied o
the devices so they, in turn, can apply this force to the
mechanism they are designed to actaate. Current devices use
a myriad of forces to accomplish this task including elec-
mostatic forces, magnetic forces. and gravitational forces,

Because of the sizes at issue, the devices nommally operate
ir the horizontal plane along the subsirate upon which they
are manufactured. Therefore, these devices exert the
required forces along the substrate in order to obrain the
required result from the device.

However, due to the design of certain machinery and
equipment. it is sometimes far more effective or efficient to
apply tha required forces to the chip vertically. But in order
fur vertical forces 10 be usetul along the substrate, one must
convert the vertical motion resulting from the vertical force
into horizontal motion. One example of equipment wherein
applying vertical forces to a horizontal microactuator would
by maore effective and efficient is munitions used by the
military, Because of weight and energy restrictions in
munitions, micromechanical devices have been incorporated
o 2 the munitions. However, the optimuem design of these
munitions places the substrate of the micromechanical
device in a horizontal position. When the munitions are ired
ar hagnened, o burre amount of vertical foree oceurs through-
out the munitions. This vertical force cannot be used tw
engare the micromechanical device 1n current svstems.

SUMMARY OF THE INVENTION

The invention consists of a mivromechanical device for
transtating vertica! force to horizontal movement, compris-
ing a substrate having a surface, a recess formed within the
sorface, having a wide section with an opening formed
cuplaner te the surfuce. with ar least one swde wall extending
at an anzle of about 907 or less from the opening of the wide
section, and at feast one narrow section extending from the
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wide scetion throuzh the side wall and. ac Teast one struc-
tral member COMPrisEz o s prosimaste oo the side wall,
the muass wider than the pamow section of the recess and
sutficient'y narrow to at keast partially enter the wide section
ol the recess, a pasitivning sssiem attached 10 the mass and
aligned proximate to the nmuTow section of the recess, means
for exerting a horizontal force on the mass. approximately
coplaner with the surface, amtached w the positioning
system, and. means for exerting a vertical furge on the mass,
approximately perpendicular to the surfuce. sufficient to
force the mass along the side wall. thereby engaging the
horizontal force means.

The invention also includes of a method for arming a
warhead. comprising the steps of inserting means for ignit-
ing the warhead within the warhead. inserting a microme-
chanical device such as thar ranslates vertical movement to
herizontal movement within the warhead comprising a sub-
strite having a surface, a recess formed within the surface,
having a wide section with an opeming formed coplaner to
the surface. with at least one side wall extending at an angle
of about 307 or less from the opening of the wide section.
and at least one narrow section exiending from the wide
section through the first side wall, and. at least one structural
member comprising a mass proximate to the side wall, the
mass wider than the narrow section of the recess and
sufficient’y narrow to at feast partially enter the wide section
of the recess. a positioning system attachad to the mass and
aligned proximate to the narrow section ot the recess, means
for exerting 2 horizontal force on the mass, approximately
coplaner with the surface, attached tu the positioning
system, sufficient to align the struvtural member to engage
the ignition means, and. launching the warhead to provide a
vertical force, approximatelv perpendicular to the surface,
sufficient to move the mass along the side wall, thereby
engaging the horizontal force means wherein alignment of
the structural member resulis in ignition.

The invention still further consists of micre horizontal
movement translated from a venical force applied 1o the
surface of a substrate produced from the process comprising
the steps of forming a micro recess within the surface,
having a wide section with an opening formed coplaner to
the surface. with at least one side wall ¢xtending art an angle
of about 90° o less from the openinz of the wide section,
and at least one narrow section extending from the wide
section through the side wall. placing at least one structural
member proximate to the micro revess comprising a mass
proximare to the side wall, the mass wider than the narow
section of the recess and sufficient]y narrow 1o at least
partially enter the wide section of the n=cess, a positioning
system altached to the mass and alizred proximatz o the
narrow section of the recess. and. means for exerting a
horizontal force on the mass, approvimately coplaner with
the surtace. attached to the positinminz svstem, and. exerting
a vertical force on the mass. approximatelv perpendicular to
the surfa oo sufficient to frrce the moas . abonr the side wall.
thereb engaging the horizontal turce means.

Accordingly, it is the object of this invention to provide a
micromechanieal device thar ran-lowes o verntical foree into
honizontal movenwent.

[t 15 2 further object of this asentic w produce a
micromechanical device that can use the vertical force
produced by a munition. missiic. vr wahead upon lifi-off in
order 1o arm said munition, missile, or warhead.

This tivvention accompisins Looae urjeltives and other
needs requiring translabion of verica! force 1o horizontal
movemeit on the micro scale,
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BRIEF NESCRIPTION OF THE DRAWINGS

The accompanving dewwings, which are incorporated in
and constitute a part of the specification. illustrate embod,.
mants of the investion. and. weether withy the duseription.
serve to explain the principles of the invention.

FIG. 115 a cross sectional. side view of one embodiment
of the invention comprising one structural member,

FIG. 2 is 1op view of the same embodiment of the
tnvention set forth in FIG. 1,

FIG. 3 is a top view of an alternative embodiment of the
invention comprising two structural members and two locks.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention. as embodied hercin, comprises a micro-
mechanical device on the erder of 300 to 500 microns for
translating ventical foree into horizontal mation. The devics
15 manufiuciured on a micro substrate placed in a horizontal
plane. The device operates by placing a mass on the surface
of the substrate and connecting the puss 1o a positioning
system. The positioning system. in tum. is connected 1o a
spring er ether horizontal force means that is amached to the
surface. The positioning system atlows horizontal move-
ment of the mass along the surface or vertical movement of
the mass perpendicular 1o the surface, The spring or hori-
zontal force means applies a horizontal force on the mass
when the muass moves in the horizontal plane. A recess is
formed within the surface comprising a wide section and a
narower section extending through an angled wall of the
wide section. The mass is placed proximate to the angled
wall of the wide section of the recess so the positioning
System is proximate 1o the namower section of the recess,
When a vertical force is applied to the mass. the mass is
forced along the angled wall of the recess so the angle of the
wall forces the mass to move both vertically and horizon-
tally. The narrower section of the recess ensures that the
positioning system does not impede the movement of the
mass info the wide section of the recess. Because the angled
wali forces the mass 1o move partially in the horizontal
plane. the spring or other horizontal force means is engaged
and the resultant horizontal movement can be used for
mytiad purposes.

Referrinz 1o FIG. 1. one preferred embodiment of a
micromechanical device for translating vertical force to
horizental mevement comprises a substrate 102 having a
surfuce 4. A recess 106 is formed within the surface 104
having a wide section 1864 with an opening 108 formed
coplaner to the surface 104. The wide section 106a has least
s eidewall T exconding at an angic of ghaur 907 or Jos.
from the opening 108. The recess 106 also has at least one
narow section 112 extending from the wide section 106
through the side wall 110. The device also comprises at least
one structural member 114 The structural member 114
CoOmprises i niss 116, proximare t the side wall 110, widar
thar e anTow section 112 and sufficiently narrow to at
least partially enter the wide section 186«. The struerural
member 114 further comprises a positioning system 118
attachad o the muss 146 and aligned proximate to the
narov section 112, The positioning svstem is connected 1o
4 means for exerting a horizonta! force 120 on the mass 116.
approximatety coplaner with the surface 104. The structural
member 114 also compnses a means for exerting a vertical
force 122 on the mass 114, approximately perpendicular to
the surtave 104, sutticient 1o force the mass 16 along the
stde wall 14}, thereby engazing the horizonta! force means
120
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The size of the substrate 102 i< on the micro level, This
normally comprises areas from about 100 wm to about [0
mm. The recess 106 will be formed within the surface 104
nermatle trauch etchine. a standand pevwess used in the
manufactue of micro substrates. The wide section 106q
cumprises peeferably from about | square millimeter or Jess
or more preferably from about 0.16 squure millimeters 1o
about 0.23 square millimeters. The wids section 106¢ alsa
comprizes at least vne side wall 110 which 15 at an angle of
less than 9%° from opening 108. [n one preferred embodi-
rent of the invention. the wide section 106 further com-
prises a floor 126 approximately parallel 1o the surface 104,
The recess 106 also comprises at least one naow section
112 which extends through the side wall £10 which is, again,
portrayed by a dashed line in FIG. 1. FIG. 2 more clearly
shows the narrow section 212 through a top view extending
from the wide section 206a which is characterized by a
dashed line in FIG.2. In some preferred embedliments of the
invention, there are a plurality of side walls having a
carresponding plurality of narrow sections extending
through the side walls. For exaniple. relerring o FIG. 3, two
narrow sectons 312a and 3125 extend from the wide section
306 through two side walls 310« and 310/

Referring again to FIG. 1. the structural member 114 js
shown by a dashed line above the narrow section 112, The
muass 116 may comprise a proof mass or numerous other
objects. In one preferred embodiment of the invention, the
nutss 116 comprises a shape sufficiently narrow to at least
partially contact the floor 126 of the wide section 106a. The
posttioning system 118 ensures that the mass 116 maintains
its position prior to engaging the device. The positioning
system 118 preferably comprises a rigid structure such as a
cantilever beam. In one preferred embodiment of the
invention. as set forth in FIG. 3, the mass 316« and 3165 and
the positioning system 314a and 314 comprise a unitary
T-shaped form. Referring again to FIG. 1. the horizontal
force means 120 preferablv attaches o the positioning
systemn 118 ond fixes to the surface 104 to exert a horizontal
force upon the mass 116 when the mass 116 moves hor-
zontally, The horizontal force means 120 preferably com-
prises a spring or other elastic tvpe of system that when
pulled exerts a force opposite to the pull. In one preferred
embodiment of the invention. the horizontal force means
120 imparts a force approximarely aligned with the narrow
section 112 and away from the wide section 106q. Therefore,
when a verical force means, portraved by amrow 122,
approximately perpendicular to the surface 104, is applied to
the mass 116, the vertical force means 122 forces the mass
116 along the side wall 110, and the horizontal force means
120 spmer e when suficion v, 2 ¢ oaweliis or the ver-
tival force means 122 stops. the horizontal Force means 120
moves the structural member 114 horizontally. The vertical
force means 122 may be provided in any manner but
preferably comprises the force resulting trom launching a
warkead fnonme prefares ! emtodin o0 e invention,
a plurality of structural members can by eniploved that may
be positioned corresponding 0 the rlurality of side walls
and parow sactions noted above.

Another embodiment of the invention further comprises
means for lazching 124 the mass 116 within the recess 106
tr chunge the horizontal movemen: of the structural member
114 produced through the horizontl force means 120, The
latching means 124 may also reduce the speed or amount of
th2 horizeneal movement, The luichie: oo ov L 134 maw hald
the structural member to delav the horizontal movement
produced by the horizontal force mears 120, The latching
neans 124 may comprise simple hoob und release mecha-
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nisms or interlocking shaped mechanisms. however, 3 more
preferred embodiment of the latching means 124 s set forth
in F1G. 3. In FIG. 3 the latching meuans 324 comprises a
second side wall 31040, opposite the side wall 3104 having
a corresponding narow section 3120 and a corresponding
structuril member 3144, In this embodiment the horizontat
force means 3204 of the second side wall sirmecural menther
314h provides less force than the horizonial force means
320 of the structural member 3 1der. The latching means 324
also comprises a means for antaching the mass of the second
side wall structural member 314H to the structura) member
31da upon contact of the two corresponding masses, 316a
and 316, characterized by the interlocking mechanism 330,
In this embodiment. the horizontal force means 3200 pro-
vides more force in oppuosition to horizental force means
320« thereby causing greater horizontal movement in the
direction of the horizontal force means 320q. A more coni-
plex embodiment of the invention may comprise a plurality
of side walls having a comesponding plurality of narrow
sections and a corresponding plurality of structural members
noted abave wherein the horizontal force means of the
plurality of structural members provide varying amounts of
force. ard. means for attaching the masses of the plurality of
structurul members to the mass of the structural member
upon contact of the masses. This embodiment of the inven-
tion wouid alioaw one Dy provide the hodzental mevement i
numerous directions and amounts.

Referning to FIG. 3, this preferred embodiment of the
invention also comprises a first nooa 332 capapie i hoiding
the structural members 314a and 3145 substantially immo-
bile. in the embodiment of the invention depicted, the first
lock 332 holds the structural member 31484 substantially
immobile. Under vertical loading. the smuctural member
314 attaches to structural member 3144 through the latch-
ing means 330, the first lock 332, also vertically actuated,
releases structural member 3146, Until release of the first
lock 332, the horizontal force means 3204 and 3204 may not
act upon the device. In one preferred embodiment of the
invention the first lock 332 comprises a hook mechanism
releasable through the vertical force means. . However, the
first lock 332 mav comprise any means capable of holding
the structural members 314a and 3140 substantially immo-
bile until release. The embodiment of the invention shown in
FIG. 3 also comprises a second lock 334, independent of the
first lock 332, that. when engaged, allows the two structural
members 314a and 3145 to move a predetermined distance.
This second lock 334 allows some honizontal movement
throuzh the horizontal force means 3204 and 3205, but does
not allow all of the horizontal force stored in said means 1o
be released. The second lock 334 would be released through
a different mechanism than the first lock 332. Upon release
of the second lock 334, the remuuning horizontal force stored
within the horizontal force means 320a and 3204 would
result in further horizontal movement. In one preferred
embodiment of the invention the second lock 334 comprises
a thermul actuator capable of releasing the second lock 334,
This tvpe of double locking schenie can be used for many
purneses includine part of 2 method for arming a warhead
vohien Lo deseriied below,

Although there ar2 many applications for the microme-
vhanical devive described abose, one prefemred use is tw
assistin arming a warhead. The device set forth in FIG. 1
may be used in a method for arming a warhead. The first step
in said method comprises inserting means for igniting the
warhead into the warhead. Any standard methed of igniting
the warkead mav be used. The second step in said method
compris2s Mseriing i micromecianival desvice, such as Gt
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shown in FIG. I, that translates vertical force to horizontal
movemen: within the warhead. The device comprises a
substrate 102 having a surface 104, 0 recess 106 formed
within the surface. The recess 106 has u wide section 1064
with an opening 108 coplaner to the suriace L. The recess
also has at 12ast one side wall 1#0 extending ut an angle of
about 90° or less from the openine 108 aml at least one
narrow section 112 extending from the wide section 106a
through the first side wall 110, The dovice also containg at
least one structural member 114 The structural member
comprises a mass 116 proximate to the side wall 140, the
mass 116 wider than the narrow section 112 and sufficiently
narrow to at feast partially enter the wide section 106¢. The
structural member 114 alse contains a positioning system
118 attached 1o the mass 116 and alizned proximate to the
narrow section 112 The structural member 14 also com-
prises means for exerting a horizantd Poree 124 on the mass
116, approximately coplaner with the surface 104, attached
to the positioning system 118, The horizontal force means
120 must be sufficient to align the structural member 114 1o
cnzage the dgniting means. The Anal step of said method
comprises launching the warhead w provide a vertical force
122 approximately perpendicular to the surface 104, suffi-
cient 10 move the muss 116 aiong the side wall 110,
Movement of the mass 116 enzages the horizontal force
means 120 whereln aliznment of 1y st stural member 114
results in ignition. This method Yor arming a warhead may
also use the double locking scheme described above. The
steps for wcluding thes locking scheme me shown by the
locking mechanisms illustrated in FIG. 3. The first step
comprises applying a vertical force. releasing the first lock
332 that holds the structural pwmbers 3lda and 3145
substantially immobile: simultaneously. the vertical force ts
converted 1o horizontal force and stored in the horizontal
force means 3200 and 3205, The second lock 334, when
engaged, allows the structural members 314a and 3145 10
move a predetermined distance, In a preferred embediment
of the method, this would be accomplished by launching the
warhead to provide a vertical force that would release the
fiest lock 332 and store horizontal force in the horizontal
force means 320a and 3206, This results in the structural
members 31da and 3144 moving a predetermined distance
10 prime the warhead. The final step comprises releasing the
second lock 334 allowing structural members 31da and 3145
to moveto an armed position. This results in arming the
warhead for ignition

The embodiment of the micromechanical device set forth
in FIG. 1 may also be used as part of a process for ranstating
a vertical force 122 applied to the surface 104 of a substrate
102 to micro horizontal movemsrt, The first step of this
process comprises forming a recess 106 within the surface
104, having o wide section 106 with an opening 108
formed coplaner to the surface 104, The wide section 106a
has at least one side wall 110 extending atr an angle of about
907 or less from the opening 108 and at least one parrow
section 112 extending from the vwide ~eotion 106a through
the side wall 110. The second step of the process comprises
placing a least one strucrural member 114 proximate to the
recess 1o, The structural menice: 1i4 comprises a mass 116
proximate 1o the side wall 110, The nuws 116 is wider than
the narrow section 1§12 and suffoentls narow to at least
partially enter the wide section 6. The structural member
154 also comprizes a positioning svstem 118 attached to the
mass H16 and abigred proximar: o &0 narmow section 112,
The structeral member must alse comprse means for exert-
ing a horizontal force 120 on the muss 116, approximately
coplaner with tie surface L4 aoaiioo e pusinoning
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system 118. The final step of the process comprises exerting
a vertical foree 122 on the mass 116, approximately per-
pendicular to the surface 104, sufficient 1o force the mass 116
along the side wall 110. The horizontal movement of the
mass 116 engages the horizontal force means 120 (o creare
horizental movement in the opposite direction to the move-
ment of the mass 116,

What is described are specific examples of many possible
variations on the same invention and are not intended in o
limiting sense, The claimed invention can be praciiced using
other varigtions not specifically described above,

What is claimed is:

1. A micromechanical device for wanslating vertical force
to hotizontal movement, comprising:

u substrate having a surface;

arecess formed within the surface, having a wide section
with an opening formed coplaner to the surface, with at
least one side wall extending at an angle of about 90°
or less from the opening of the wide section, and at least
One mUTOW section extending from the wide section
through the side wall; and,

at l=ast one structural member comprising:

a mass proximatz to the side wall, the mass wider than
the narrow section of the recess and sufficiently
narrow to at least partially enter the wide section of
the revess;

a positioning svstem attached to the mass and alizned
proximate to the narrow section of the recess:

means for exerting a horizontal force on the mass,
approximately coplaner with the surface, attached (o
the positioning system; and,

means for exerting a vertical force on the mass.
approximately perpendicular to the surface, suffi-
cient to force the mass along the side wall, thereby
engaging the horizontal force means.

2. The micromechanical device of claim 1, wherein the
horizontal force means comprises a spring.

3. The micromechanical device of claim 1, wherein the
horizontal force means imparts a force in a direction
approximately aligned with the narrow section of the recess
and away from the wide section of the recess.

4. The micromechanical device of ¢laim 1, wherein the
positioning system comprises a cantilever beam.

5. The micromechanical device of claim 1, wherein the
wide section of the recess comprises an area from about 1
sguare millimeter or less,

6. The micromechanical device of claim §, wherein the
wide section of the recess comprises an area of from about
0.16 square millimeters to about 0,25 square millimeters.

7. The micromechanical device of claim 1, wherein the
wide sevtion of the recess further comprises a floor approxi-
mately paraliel to the surface.

8. The micromechanical device of claim 7, wherein the
mass compeizes a shape sufficiemtly namow 1o at least
partially contact the fAvor of the wide section of the recass,

9. The micromechanical device of claim 8. further com-
prising means for laiching the mass within the recess 1o alter
the horizontal force produced upon the mass through the
Ienconil Foree means.

10. The micromechanical device of claim 9, wherein the
latching means comprises:

a second side wall. opposite the side wall, having a
corresponding narrow section and a corresponding
structural member wherein the horzontal force means
of the second <ide wall chrcturn] member provides less
force than the horizontal foree means of the structural
niember; and,
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means for attaching the mass of the second side wall
structural member (0 the mass of the structural member
upon contact of the two masses.

IL. The micromechanical device of claim 1. further com-

prising:

a pluralitv of side walls having a corresponding plurality
of narrow sections and a corresponding plurality of
structural members wherein the horizontal force means
of the pluralitv of structural members provide varying
amounts of force; and,

means for attaching the masses of the pluralitv of struc-
tural members to the mass of the structural member
upon contact of the masses.

1Z. The micromechanical device of elaim 10, further
comprising:

at least a fisst lock capable of holding the two structural
members substantially immobile,

13. The micromechanical device of claim 12, wherein the

first lock comprises:

a hook mechanism releasable theough the vertical force
neans.

L4 The micromechanical device of claim 13, further

comprising:

at least 2 second lock. independent of the first lock, that,
when engaged, allows the two structural members 10
move 4 predetermined distance.

15. The nuscromechanical device of claim 14, wherein the
second lock further comprises a thermal actuator capable of
releasing the second lock.

16. The mucromechanical device of claim 15, wherein the
vertical force means of both structural members comprises
a force from launching a warhead.

17. The mcromechanical device of clzim 16, wherain the
positioning system and mass of both structural members
comprises unjtary T-shaped forms. )

18. A method for arming a warhead. comprising the steps
of:

inserting means for igniting the warhead within the war-
head;

inserting a micromechanical device that translates vertical
movement 10 horizontal movement within the warhead
comprising a substrate bhaving a surface, a recess
formed within the surface, having a wide section with
an cpening formed coplaner to the surface. with at least
onte side wall extending at an angle of about 90° or less
from the opening of the wide section. and at least one
narrow section extending from the wide section
through the first side wall, and. at least one structural
member comprising a mass proximale to the side wall,
the mass wider than the narrow section of the recess
and sufficiently nartow to at least partiatly enter the
wide section of the recess. a postiioning system
attached to the mass and aligned progimate to the
narow section of the recess. means ‘for exerting a
horizonsal force on the mass. approximately coplaner
with the surface, attached to the positioning system,
sutfivient to align the posuioning s stem o engage the
ignition means; and.

haunching the warhead wheremn a wvertical force is
provided, approximately perpendiculis to the surface,
sulficient to move the mass alonyg the side wall, thereby
engaging the horizontal force means w herein alignment
of the positioning system results in jgnition.

19. The method for arming a warhead of claim 18, further

comprising the steps of:

storing the horizontal force throush 3 firs: fock that holds
the structural member substantiatly immobile and a
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second lock that, when engaged. allows the structural
member to meve a predeteemined distance,

releasing the first lock to align the structural member

wherein priming of the warhead occurs: and,
releasing the second lock to align the structural member
wherein ignition oceurs.

20. Micro horizontal movement ranslated from a vertical
force applied to the surface of a substrate produced from the
process comprising the steps of:

forming a recess within the surface, having a wide section

with an opening formed coplaner to the surface, with at
least one side wall extending at an angle of about 907
or less from the opening of the wide section, and at least
one narrow section extending from the wide section
through the side wall;

10

placing at least one structural member proximate to the

recess comprising a mass proximate 1o the side wall,
the riass wider than the narrow section of the recess
and sufficiently narrow to at least partially enter the
wide section of the recess, a positioning system
attached to the mass and aligned proximate 10 the
narrew section of the recess. and, means for exerting a
horizontal force on the mass, approximately coplaner
with the surface, attached to the positioning system:
and,

exerting a vertical force on the mass, approximately

perpendicular to the surface, sufficient to force the mass
along the side wall, thereby engaging the horizontal
force means.







